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B rlin, den 30. 1. 1968 



Verfabraa cur Heratellung roa Polyestern 

Die Brflndung be tr if ft ein Terfabren zur Herstellung Ton 
Polyestern duroh Copolymerisation von Dioarbonsaurean- 
hydriden alt Alkylenoxyden. 

Ble klaaaiaohan Heratellungarerfabren fttr Polyester be- 
* ruben euf der Xondeneatlon ron Bioarbonsauren oder de~ 
cen Anhydrides alt ewei- oder aehnrertigen Alkoholen. 
Haebteile dleaer Terfabren alnd die relet ir teeren Aua- 
gangeetoffe and die lan gen Beaktlonsseiten aovle die bohen 
Beaktloasteaperatsrea. Auoh beaitsen die Yerfabrensproduk- 
te relatlr none Stturasahlea. 

Za 1st bekannt, Polyester duroh Copolyaeriaation ron Bi~ 
oarboneaareanhydriden alt Alkylenoxyden hersustellen, ro- 
be 1 aan ala Polyaerisationakatalyaatoren elnaal aalnisohe 
Vorbindangaa, rorsugswelse tart Hire Amine, and sua anderen 
•aura Ketaljreataren, beiaalelaveise 8n01 2 , BPj, SnCl 4 new., 
elasetst. 

Bie Arbeit sweiae ait aaiaisehen Xatalyaatorea bat den Neoh- 
tell langer Heakfcionsaaiten, die Verfahrensprodukte alnd 
aelat dunJcel gefXrbt; besonders argeben slab Schwierigkei- 
ten bala Binaata ron Salaiasttareanhydrld duroh rorseitige 
Gelierung dea Heaktionsprodukts infolge der hohen Heakti- 
ritat der B ppelbindvmg. 

Die bieber bekannten Arbaltaweisen ait sauran Katalysatoren, 
bel relohen Geaisoha von Bioarbonsaureanhydriden, Alkylen- 
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oxyden und dea Katalyaator mehrere Stunden bei erbShter 
leajfcratur .be&readelt warden* ergeben keine stdchioaetri-- 
sche Copolymerisation* sondern vorzugsweise ein Veifcait- 
ttis von Dicarbonsawreanhydrid aii Alkyleaoxyd vie 1 ;3, 
weshalb die Verfahrensprodukte ungeeignet fiir die Her- 
ate Hung Ton ungesattigten lolyestergrundharzen Bind* 
Aucb betragen die Ausbeuten nur maximal 88 $ bei relativ 
langen iteaktionsseiten* Die Copolymeriaations\rerfahren 
haben sich desbalb aur iadustriellen Herstellung von 
Jolyestem nooh nicht durcbsetzen k8nnen» 

Zmok der Erf Indung let deahalb eina wirteahaftliabe Iter- 
stellung to Polyeatern* die aiali nuoh i& kuirtiaaiarli- 
ohea Terfabren durolrfahrea ISflt. 

Der Srfiadung liegt die Aufgabe augrunde, alia Ter^atoen 
zar Hsrstajlung Ton Polyesfcern duruh Cojjolyi^ is&tlon 7on 
Moarbonaftoaresnbydriden nit Alkylanoxydea ;»itsr Terwsa- 
dang sa«r«r Polyaerisationskaislysatiiren z>x 'Snfcffle&eliu 

Brfindungsgemafl wird die Aufgabe daduroh, geltfst, da 9 man 
Dioarbonsaureanhydride gemeineaa nit dam sauren Polyaeri- 
sationskatalysator in einem inerten L3sungei&ntel Wet, 
die erhaltene ISsnng bei Temperaturen awiechen 30 nnd 
160°0 ait Alkylenoxyden bebandelt und die BeaktionalSauag 
in ttblioher ffeise durob Entfarnen dee IBaungsmittela auf~ 
arbeitet. 

Bei dieses ' ,rfahren f daa aieh, beispielaweiae dur h Beak- 
ti n i: j genetromprintsip, auoh kontinuierlioh durohf Utier 
laflt, sind nur relati* kurze fieaktionsaoiten erf order 1 * ^ 
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Es verden senr belle Ppodukte ephaltea, die hone Moleku- 
lapgewiohte und bei gepingem Alkylenozydttbersohufl niedri- 
ge Sttureaahlen aufweisen. tfberrasohend 1st, dall bei hBhe- 
rep Tenpepatup das Copolyaerisationsrerhaltnia Dioarbon- 
eattTeanhydrid su Alkylenexyd 1:1 bi a 1,5 erhalten wird, 
wodupoh geeignete Produkte £fir die Herstellung ungesattig- 
tap Polyester erhalten warden* 

PHp das erfindungegemafle Terfahrea kommen alle fifcr die Her- 
etellung von Polyestera ttbliohen Mearbonsaureanhydride in 
Betraoht, beispielsweiae Bteleinsaureanhydrid, Phthalsaure- 
anhydpid, Tetrahydrophthalsaureanhydrid, HET-anhydrld usw<> 
Als Alkylenoxyde eind rorcugsvelse Xthylenoxyd, Propylen- 
oacyd and Epicalorhydrin,als organieoha LOsungsmittel bei- 
epielsweise* Toluol und Xylol einsatzbar. . 
Als mope Bolyaerisationskatalysatoren sind alle ttbllehen 
Verbindungen, wis ZnCl 2 , SnCl 4 , BP 3> liBp, SbCl 5 , PeCl 3 
usw., gaeignet. 

Haehfolgenda Beispiele erlautern die Erfindung, 
Beiapiel 1 

5 Hoi MalelnoauraanhydPid, 10 Hoi Phthalsaureanhydrid und 
2 * ZnCi 2 (bezo^cn auf daB Gev7icht der Anhydride) werden 
in 20 t> Toluol (beaogea auf das Oewioht der Anhydride) ge» 
lost mad in einem ait KUhrer, Therraoaeter, RUekfluflktthler, 
Tropftriohter und Stiokatoffoinleitungsrohr rereehenen Sol- 
ben auf 110 C erwarmt. Dann werden innerhalb rem einer Stun- 
de 19,5 Mol Propylcnoxyd augetropft r v/obei Icq in e weitere 
Hcfeung erforderilch 1st AmchlieBend vlrd datj Toluo) ira 
909840/ 1 68 2 ~ 4 " 
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Vakuuii abgezogen und man erhalt eia sohwach fcellgelbe8, zwi- 
aehen 60 und 70°0 sohoj&Laondea Harz, dea man ala Stabiliea- 
tor 0,01 * Hydroohinon auaetzt* Die Saurezahl dea Harzes iat 
ewisohen 12 und 18. 

Beiapiel 2 

In gleioher Weiae wie ia Beiapiel 1 beaohrieben werden in si- 
ne Loeung ran 5 Hoi llaleinaaureanhydrid, 10 Mol Tetrahydro- 
plithalaaureanbydrid und 1 % ZnCl 5 in 20 * Toluol 18 Mol Pro- 
pylenoxyd eingetropft. Der Erweiohungabereioh des reaultieren- 
den Harzea liegt zwisehen 70 und 80°0. Die SBurezahl iat 10 
bia 15. 

Beiapiel 3 

In gleioher ffeiae wie ia Beiapiel 1 beaohrieben werden in ei- 
ne Lbaung ran 5 Mol Maleinsaureanhydrid, 5 Mol Phfchalaaurean- 
hydrid und 1,5 * ZnCl 2 in 20 * Xylol 15 Mol Propylenoxyd ein- 
getropft. Der Erweiohungabereioh dea reaultierenden Harzea 
liegt swi8ohen 50 und 60°C. Die Saurezahl iat 15 bi8 25» 

Beiapiel 4 

In gleioher Weiae wie ia Beiapiel 1 beaohrieben werden in ei- 
ne Lflaung <ron 5 Mol BalelnaSureanhydrid, 5 Mol Tetrahydro- 
phthalaaureaahydrid und 1,5 * ZnCl g in 20 * Toluol 12 Mol 
Propylenoxyd Bugetropft, Der Erweiohungabereioh dea reaultie- 
rend n Harzea liegt urn 70°C, di Stureeahl ua 15. 
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Beisplel 5 

In gleieher Waiae wie la Beisplel 1 bosobrieben werden in 
tin* LBattng ron 1 Hoi JhthalBkureanhydrid, 1 Bol Maleinsttu- 
reanhydrid mid 1 j( A1C1 3 In 20 * Toluol 3 Bol. Propylenoxyd 
eingetropft. Der Erweiohungsbereieh doe reaultierenden Hor- 
ses llegt ua 70°C, die Saurezabl swiachen 14 und 18. 

Belepiel 6 

In gleieher ffeiee wle is Beisplel 1 beeohrleben werden in 
eine LtJaung Ton 1 lol Tetreiiydrophthalaaureanhydrld, 1 Bol 
Heleinslureenhydrid und 1 * SbClj in 20 $ Toluol 3 Bol Pro- 
pylenoxyd eingetropft. Der 3rwe lohangapunkt des reaultleren- 
den Ear see llegt swisohen 60 und 70°C, die Stturesehl betragt 
etw* 20. 

Beisplel 7 

In gleioher Weiae vie la Beisplel 1 beaobrieben werden in ei- 
ne Loaung von 1 Bol Phtbalsttureanh/dxld, 2 Bol MaleinsMure- 
aahydrid und 2 * SnCl^ in 20 * Toluol 3 Bol Propjlenoayd 
elngetropft. Die .'leaktionsteaperetur betr&gt 90°C. 
Das resultierende :iara besltzt einen Ereeiohungsbereich ua 
60°C, die SSurezah] llegt swischen 15 und 20« 

Beisplel 8 

Die Apparatur iat von gleioher Art wie die ia Beisplel 1 be- 

sohriabtne, aber der Tropftrichter iat duroh ein Saseinlei- 

tungorohr ersetate In ein.e, ttjjauas ron 1 loi Phthalsam*eaa- 

hydrid. 1 Hoi Haleinsaureanhydrid una 2 % einea PeCl^-Pra- 

.-6- 
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jylonoxyd-roajloxoe in 20 * Toluol radon ooi «iner Teapei 
tu* twisafafln 60 vnil >0**C 2,1 Hoi Xthjlonoayd eing«l«itot. 
Baa nauttiorond* Hire boaitat •Inen tewaiobttugaboxoioh us 
«0*C, di# Stotuhl 1st otwa 6. 

Boi spiel 9 

Wit i» Bo i spiel 1 beschrleben, werden in oine LOaung aou 
0,65 Mol Maleinsaureanhydrid, o,35 Mol Jhthalsfiureaiihydrid 
and 2 * eines PeCl^-Propylenoxya-Ioaplexes in 10 * Toluol 
1,5 Bplehlorhydrin eingetropft. 

D»8 result ie re nde Harz bosltet einen Ertreiohungshereioli un 
60°C, die saureaahl 1st 18 bis 21. 
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Pattntanspruoh: 

Terfabren sur H«retellung ron Polyootera durch Copoly- 
o»r±sation Ton Bicmrbonsaxureanliydriden alt Alkylenoxyden 
in Gegenvart ssonr Poly»erlsationskatalysator*n, dadurch 
gftkennzeiohnet, daA san Dicarboii6aur.eanhydride gemelnaaa 
sit dea sauren Polyuria at ions Scat alyoat or in einem Inert a 
orgaaischea LSflungraittel last, dio crhaltene LSsiuag l>ai 
Te«£e raturen swiscben 30 und 150°C *it Alkylenoayden be- 
handelt and die 2«afcticnsl8e\an 3 in flblioher ffeise duroh 
Bntfernen das ISsvngsaittels auiarbeitet* 
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Berlin, 30.1.1968 

Process for the manufacture of polyesters 

The invention relates to a process for the manufacture of polyesters by 
copolymerization of dicarboxylic acid anhydrides with alkylene oxides. 



The standard manufacturing processes for polyesters are based on the 
condensation of dicarboxylic acids or their anhydrides with di- or polyhydric alcohols. 
Disadvantages of these processes are the relatively expensive starting materials and 
the long reaction times and also the high reaction temperatures. Also, the process 
products have relatively high acid values. 

It is known to manufacture polyesters by copolymerization of dicarboxylic acid 
anhydrides with alkylene oxides, using as polymerization catalysts on the one hand 
aminic compounds, preferably tertiary amines, and on the other hand acid catalysts, 
. for example ZnCI 2l BF 3l SnCI 4 etc. 

The procedure with aminic catalysts has the disadvantage of long reaction times, the 
process products are mostly dark-coloured; in particular there are problems when 
using maleic anhydride through premature gelling of the reaction product as a result 
of the high reactivity of the double bond. 

The previously known procedures with acid catalysts, in which mixtures of 
dicarboxylic acid anhydrides, alkylene oxides and the catalyst are treated for several 
hours at increased temperature, do not result in a stoichiometric copolymerization, 
but mainly a dicarboxylic acid anhydride-to-alky(ene oxide ratio such as 1;3, for 
which reason the process products are unsuitable for the manufacture of 
unsaturated polyester base resins. Also, the yields are only 88% at most with 
relatively long reaction times. The copolymerization processes have therefore not yet 
been able to gain acceptance for the industrial-scale manufacture of polyesters. 
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The aim of the invention is therefore an economical manufacture of polyesters which 
can also be carried out in a continuous process. 

The object of the invention is to develop a process for the manufacture of polyesters 
by copolymerization of dicarboxylic acid anhydrides with alkylene oxides using acid 
polymerization catalysts. 

According to the invention the abject is achieved in that dicarboxylic acid anhydrides 
are dissolved jointly with the acid polymerization catalyst in an inert solvent, the 
obtained solution is treated with alkylene oxides at temperatures between 30 and 
160"C and the reaction solution is worked up in customary manner by removal of the 
solvent. 

With this process, which can also be carried out continuously, for example by 
reaction in the counter-current principle, only relatively short reaction times are 
necessary. 

Very bright products are obtained which display high molecular weights and low acid 
values with, a small alkylene oxide surplus. It is surprising that, at a higher 
temperature, the dicarboxylic acid anhydride-to-alkylene oxide copolymerization ratio 
is maintained [at] 1:1 to 1.5, as a result of which suitable products for the 
manufacture of unsaturated polyesters are obtained. 

All dicarboxylic acid anhydrides that are customary for the manufacture of 
polyesters, for example maleic anhydride, phthalic anhydride, tetrahydrophthalic 
anhydride, HET anhydride etc., come into consideration for the process according to 
the invention. Ethylene oxide, propylene oxide and epichlorohydrin can preferably 
be used as alkylene oxides, [and] toluene and xylene for example as organic 
solvents. 

All customary compounds, such as ZnCI 2l SnCU, BF 3 , LiBr, SbCI 5 , FeCI 3 etc., are 
suitable as acid polymerization catalysts. 



19/88/2093 18:38 +49-40-89985488 UEXKULL 2, STOLBERG 

3 

The following examples explain the invention. 
Example 1 

5 mol maleic anhydride, 10 mol phthalic anhydride and 2% ZnCI 2 (relative to the 
weight of the anhydrides) are dissolved in 20% toluene (relative to the weight of the 
anhydrides) and heated to 110°C In a flask fitted with stirrer, thermometer, reflux 
cooler, dropping funnel and nitrogen-feed tube. 19.5 mol propylene oxide are then 
added dropwise within an hour, no further heating being necessary. The toluene is 
then drawn off in vacuo and a weakly coloured yellow resin, melting between 60 and 
70°C, is obtained, to which 0.01% hydroquinone is added as stabilizer. The acid 
value of the resin is between 12 and 18. 

Example 2 

In the same way as described in Example 1, 18 mol propylene oxide are added 
dropwise to a solution of 5 mol maleic anhydride, 10 mol tetrahydrophthalic 
anhydride and 1% ZnCI 2 in 20% toluene. The softening range of the resulting resin 
lies between 70 and 80°C, The acid value is 10 to 15. 

Example 3 

In the same way as described in Example 1,15 mol propylene oxide are added 
dropwise to a solution of 5 mol maleic anhydride, 5 mol phthalic anhydride and 1.5% 
ZnCI 2 in 20% xylene. The softening range of the resulting resin lies between 50 and 
60°C. The acid value is 15 to 25. 

Example 4 

In the same way as described in Example 1, 12 mol propylene oxide are added 
dropwise to a solution of 5 mol maleic anhydride, 5 mol tetrahydrophthalic anhydride 
and 1.5% ZnCI 2 in 20% toluene. The softening range of the resulting resin lies 
around 70°C, the acid value around 15. 

Example 5 

In the same way as described in Example 1, 3 mol propylene oxide are added 
dropwise to a solution of 1 mol phthalic anhydride, 1 mol maleic anhydride and 1% 
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Patent claim: 

Process for the manufacture of polyesters by copolymerization of tricarboxylic acid 
anhydrides with alkylene oxides in the presence of acid polymerization catalysts, 
characterized in that dicarboxylic acid anhydrides are dissolved jointly with the acid 
polymerization catalyst in an inert organic solvent, the obtained solution is treated 
with alkylene oxides at temperatures between 30 and 160°C and the reaction 
solution is worked up in customary manner by removal of the solvent. 
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